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[57] ABSTRACT

An electric generator for use in a turbocharger includes
a rotor mounted on the rotational shaft of the turbo-

charger and comprising a single permanent magnet
fitted in an outer cylindrical sleeve which prevents the

rotor from breakage upon high-speed rotaiton thereof,
The rotor also includes heat insulation between the
permanent magnet and the rotation shaft. The heat

insulation portion may be an air gap or a heat insulating
member.

S Claims, 2 Drawing Sheets
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ELECTRIC GENERATOR FOR USE IN
TURBOCHARGER

BACKGROUND OF THE INVENTION

The present invention relates to an electric generator
for use on the rotational shaft of a turbocharger which
can be driven by the exhaust energy discharged by an
internal combustion engine, and more particularly to
such an electric generator having a rotor which is capa-
ble of withstanding high-speed rotation and is resistant
to heat.

In recent years, turbochargers find widespread use on
internal combustion engines. The turbochargers have
an exhaust turbine which is rotated by the heat energy
of the exhaust gas discharged from the internal combus-
tion engine. A compressor directly coupled to the ex-
haust turbine is driven thereby to deliver compressed
air to the internal combustion engine. One turbocharger
design includes a generator/motor having a rotor
mounted on the rotational shaft of the turbocharger.
When the exhaust turbine is rotated by the exhaust gas,
the rotor is also driven to generate electric power so
that the exhaust energy can be regenerated as electric
energy. The rotor can also be driven by the electric
power supplied from an inverter powered by a battery
to assist the compressor in supercharging the engine.

U.S. Pat. No. 4,433,261 discloses, as such a turbo-
charger incorporating such a directly coupled genera-
tor, a gas turbine generator having a rotor disposed
between turbine and compressor blades and comprising
divided permanent magnets fitted in a cylinder.

In the disclosed gas turbine generator, the permanent-
magnet rotor i1s mounted on the turbine shaft which
rotates at a high speed, thus providing an AC machine.
However, the size and arrangement of the rotor are not
suitable for high-speed rotation. More specifically,
where the rotor is of a large diameter and has an in-
creased weight, its inertia is large and its response to
changes in the rotational speed thereof is poor. Further,
the rotational shaft produces flexural vibration with
respect to its bearings, and suffers the danger of break-
age due to resonance. The rotor composed of divided
permanent magnets fitted in a cylinder is not suitable for
high-speed rotation since it is difficult to reduce the-
amount of imbalance thereof.

Inasmuch as the rotational shaft and the permanent
magnets are held in direct contact with each other, the
heat from the turbine blades exposed to the high-tem-
perature exhaust gas is transmitted through the rota-
tional shaft to the permanent magnets. Therefore, the
permanent magnets are demagnetized by an increase in
temperature, resulting in a reduction in the amount of
electric power generated by the generator.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
electric generator for use in a turbocharger, which has
a rotor prevented from breakage due to resonance of a
rotational shaft and imbalance thereof even when the
turbocharger rotates at a high speed, the rotor having a
magnet prevented from a temperature rise which would
otherwise be caused by heat transmitted from high-tem-
perature turbine blades.

According to the present invention, there is provided
an electric generator for use on the rotational shaft of a
turbocharger which can be driven by the exhaust en-
ergy discharged by an internal combustion engine, the

S

10

15

20

25

30

35

45

50

35

63

2

electric generator comprising a rotor including a single
permanent magnet, an outer cylindrical sleeve made of
a material having a high tensile strength, the permanent
magnet being force-fitted in the outer cylindrical sleeve,
and a heat insulating portion adapted to be disposed
between the rotational shaft and the permanent magnet.

The outer cylindrical sleeve made of a material hav-
ing a high tensile strength and the single permanent
magnet force-fitted in the outer cylindrical sleeve are
mounted on the rotational shaft of a turbine. The rotor
is of a cylindrical outer shape, so that it can easily be
well balanced and withstand centrifugal forces acting
thereon due to high-speed rotation. The heat insulation
portion between the rotational shaft and the permanent
magnet 1s effective in blocking heat which would be
transmitted from turbine blades through the rotational
shaft to the permanent magnet. As a result, demagneti-
zation of the permanent magnet which would be caused
by a temperature rise thereof is prevented.

The above and other objects, features and advantages
of the present invention will become more apparent
from the following description when taken in conjunc-
tion with the accompanying drawings in which pre-
ferred embodiments of the present invention are shown
by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross-sectional view of a
rotational shaft and a rotor of an electric generator in a
turbocharger according to an embodiment of the pres-
ent invention;

FIG. 2 is a transverse cross-sectional view of the
rotor;
~ FIG. 3 is a transverse cross-sectional view of a rotor
according to another embodiment of the present inven-
tion; and

FIG. 4 1s a cross-sectional view of a turbocharger

Incorporating an electric generator according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As shown in FIG. 1, a turbocharger has a rotational
shaft 1 supporting on its opposite ends turbine blades 2
and compressor blades 3 and rotatably supported at its
intermediate portion by bearings 14, 15 in a body of the
turbocharger.

A small-size rotor 4 having a permanent magnet is of
a hollow cylindrical shape. The rotational shaft 1 ex-
tends through the hollow portion of the rotor 4, which
18 mounted on the rotational shaft 1 between the com-
pressor blades 3 and the bearing 15.

As illustrated in FIG. 2, the rotor 4 includes an outer
cylindrical sleeve 4a made of a material having a high
tensile strength, such as a titanium alloy. The rotor 4
also includes a single permanent magnet 4b force-fitted
in the outer cylindrical sleeve 4@ and made of a rare
earth element having strong residual magnetic forces.
‘Two side plates 4c which are made of the same material
as that of the outer cylindrical sleeve 4a are fitted
therein and disposed respectively on opposite sides of
the permanent magnet 44 to secure the outer cylindrical
sleeve 4a and the permanent magnet 45 to the rotational
shaft 1. An air gap 44 serving as a heat insulating por-
tion for blocking heat transfer is defined between the
cylindrical permanent magnet 40 and the rotational
shaft 1. The permanent magnet 4b is magnetized to
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produce lines of strong magnetic force in a prescribed
radial direction.
FIG. 3 shows a rotor 4’ having a heat insulating mem-

ber as a heat insulating portion. Like or corresponding
parts are denoted by like or corresponding reference

characters in FIGS. 2 and 3. A heat insulating sleeve Sa
is disposed between the permanent magnet 45 and the
rotational shaft 1 for preventing heat transfer from the
rotational shaft 1 to the permanent magnet 4b. Heat
insulating plates 5b are disposed between the side plates
4c and the permanent magnet 4b for preventing heat
transfer from the side plates 4¢ to the permanent magnet
4b. Thus, demagnetization of the permanent magnet 46
which would result from a temperature rise thereof is
prevenied.

The outer cylindrical sleeve 4a and the side plates 4c
may be formed of partially stabilized zirconia for giving
them mechanical strength to retain the permanent mag-
net 4b and heat insulation capability.

FIG. 4 shows, in cross section, a turbocharger incor-
porating an electric generator according to the present
invention. The rotational shaft 1 is rotatably supported
by bearings 1a, 15 in a body of the turbocharger.

The rotor 4 is surrounded by a stator 6 having stator
windings 6a. The rotor 4 and the stator 6 jointly consti-
tute an AC generator which generates AC power upon
rotation of the rotor 4. |

The turbocharger has an exhaust gas inlet 2a coupled
to the exhaust pipe of an internal combustion engine
(not shown). The exhaust gas emitted from the exhaust
pipe is introduced through the exhaust gas inlet 2a into
a turbine housing 2b in which the exhaust gas drives
turbine blades 2. The exhaust gas is thereafter dis-
charged through an exhaust gas outlet 2¢. The turbo-
charger also has an air inlet 3a for drawing air which is
compressed in a compressor housing 3b upon rotation
of compressor blades 3. The compressed air is then
delivered from an air outlet 3c into the intake pipe of the
internal combustion engine. Operation of the turbo-
charger is as follows:

The exhaust gas emitted from the internal combustion
engine is delivered via the exhaust gas inlet 2z into the
turbine housing 2b. The turbine blades 2 are driven by
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‘the energy of the exhaust gas to rotate at a high speed

for thereby rotating the shaft 1 rotatably supported by
the bearings 1a, 1b. The compressor blades 3 rotate in
the compressor housing 36 to compress air introduced
through the air inlet 3@ and feed the compressed air
from the air outlet 3¢ through the intake pipe into the
internal combustion engine, thereby increasing the
boost pressure to increase the power output of the inter-
nal combustion engine.

Since the rotor 4 mounted on the shaft 1 is coupled
coaxially to the turbine blades 4, the rotor 4 is also
rotated at high speed. Due to high-speed rotation of the
permanent magnet having strong residual magnetism,
alternating magnetic fluxes cross the stator windings 6a
of the stator 6 to enable the latter to produce electromo-
tive forces, which are converted to a direct current via
a rectifier for charging a battery, for example. Thus, the
exhaust energy is regenerated as ¢lectric power.

Since the outer cylindrical sleeve 4a of high tensile
strength is force-fitted over the cylindrical permanent
magnet 4b which rotates at a high speed, the rotor 4 1s
firmly held in place against damage or breakage under
centrifugal forces upon high-speed rotation at a speed of
about 100,000 revolutions per second. Heat from the
turbine blades 2 exposed to the high-temperature ex-
haust gas through the shaft 1 is not transmitted to the
permanent magnet 4 since the shaft 1 and the perma-
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nent magnet 4b are not directly held against each other
but are spaced from each other by the gap 44 or the heat
insulating sleeve S5a. Accordingly, the permanent mag-

net 4b is prevented from being demagnetized by a tem-
perature rise which would otherwise be caused.

Where the turbine blades 2 are made of fine ceramics
having good heat insulating ability and high mechanical
strength, the turbine blades 2 are lightweight, and hence
the shaft 1 is prevented from flexural vibration with
respect to the bearings and allows stable high-speed
rotation.

With the arrangement of the present invention, as
described above, the rotor mounted on the rotational
shaft of the turbine blades has the single permanent
magnet fitted in the outer cylindrical sleeve of high
tensile strength. Therefore, the rotor is of an outer cy-
lindrical shape and can easily be well balanced. Centrif-
ugal forces applied to the rotor upon high-speed rota-
tion of the turbine are held by the outer cylindrical
sleeve, thus preventing an accident such as breakage of
the rotor from taking place during operation.

Inasmuch as a heat insulating structure is disposed
between the permanent magnet and the rotational shaft,
heat transfer from the turbine blades via the rotational
shaft is blocked by the heat insulating structure. The
permanent magnet is thus prevented from being demag-
netized by a temperature increase, and is capable of
producing strong magnetic fluxes which cross the stator

-windings.

The principles of the present invention are not limited.
to a turbocharger, but may be exemplified in an electric
generator for use in a turbine.

Although certain preferred embodiments have been
shown and described, it should be understood that
many changes and modifications may be made therein
without departing from the scope of the appended
claims.

What we claim is:

1. A rotor for an electric generator for use on a rota-
tional shaft of a turbocharger which can be driven by
the exhaust energy discharged by an internal combus-
tion engine, comprising:

a single permanent magnet posmcned about the rota-

tional shaft;

an outer cylindrical sleeve positioned about said per-

manent magnet so that said permanent magnet 1s
force-fitted in said outer cylindrical sleeve, said
permanent magnet comprising a material having a
high tensile strength;

side plates respectively positioned on opposing sides

of said permanent magnet and attached to said
outer cylindrical sleeve so as to fix said outer cylin-
drical sleeve to the rotational shaft; and

a heat insulating portion disposed between the rota-

tional shaft and said permanent magnet.

2. A rotor for an electric generator according to
claim 1, wherein sa:d heat insulating portion comprises
an air gap.

3. A rotor for an electric generator according to
claim 1, wherein said heat insulating portion comprises
a heat insulating member.

4. A rotor for an electric generator according to
claim 1, wherein said outer cylindrical sleeve is made of
a titanium alloy.

5. A rotor for an electric generator according to
claim 1, further comprising:

heat insulating plates respectively disposed between

said side plates and said permanent magnet.
* %X *x % &



	Front Page
	Drawings
	Specification
	Claims

